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Single pores prepared in thin membranes have demonstrated great potential as
platforms for next generation, high-throughput single particle biosensors. The
realization of readily accessible solid-state devices applicable to virion-sized
particles has yet to come due to an inadequate understanding of particle detec-
tion mechanics in pores whose diameters are comparable to their length. Suc-
cessful detection experiments involving nanoparticles have largely relied on
high-aspect-ratio pores prepared in glass or polymers and, most recently,
low-aspect-ratio solid-state pores. We present a systematic study of pores
bridging the gap between these regimes and evaluating their detection param-
eters as they relate to pore geometry.
In pore-based detection, a particle occludes current-carrying electrolyte as it
translocates the pore. This creates a transient pulse of diminished ionic current
which can be characterized by its depth and duration. Integrating recent find-
ings with low-aspect-ratio pores and long-standing high-aspect-ratio pore con-
siderations with our experiments, we formulate an approximation for event
depth which, for the first time, depends explicitly on geometric parameters.
Further, we develop an approximation for the electric field which allows us
to characterize particle zeta potentials with our pores. This approximation is
utilized to quantify capture rates in terms of known electric potentials and geo-
metric factors, revealing higher-than-anticipated rates, potentially reducing
amount the time an experiment needs to run for successful analysis. Although
our results yield refined approximations, these findings represent a step toward
realizing practical detection devices.
This work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under Contract DE-AC52-
07NA27344. Portions of this work were performed as a User project at the
Molecular Foundry, Lawrence Berkeley National Laboratory, which is
supported by the Office of Science, Office of Basic Energy Sciences, of the
U.S. Department of Energy under Contract DE-AC02-05CH11231. LLNL-
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Nanopores have found increasing numbers of applications in basic science re-
search and biotechnological devices. The favorable physical and chemical
properties of solid state nanopores makes them attractive for many of these ap-
plications. However, the geometry and surface properties of such nanopores is
often variable and must be characterized for each experiment. Such character-
ization typically takes place before or after the experiment. We have developed
an approach to characterize the geometry and surface characteristics of nano-
pores using electrochemical impedance spectroscopy (EIS). We show how
EIS can be used to determine the geometry and surface charge density of nano-
pores and apply the approach to nanocapillaries, focussed ion beam drilled
nanopores (~90 nm), and noble gas ion beam sculpted nanopores (~20 nm).
The ladder differential equation developed to allow inversion of the EIS to ge-
ometry is further adapted to treat the
presence of an unfolded protein in the
nanopore. We show how the EIS spectrum
is expected to shift in response to the local
coarse-grain sequence of the unfolded
polypeptide chain. The results show that
the EIS spectrum is substantially more
sensitive to nanopore geometry and local
sequence information than traditional DC
resistive pulse measurements.2676-Pos Board B695
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Nanopore based sensors promise ultrasensitive detection of an array of nucleic
acid, peptide, and protein biomarkers. However, the low physiological concen-
trations of cancer biomarkers can greatly limit their detection in conventional
nanopore sensors due to the low trapping rate of these markers. A previousstudy used a salt gradient in a synthetic nanopore increases the capture rate
of double-stranded DNA. In this study, we have demonstrated that the use of
salt gradient generates two enhanced electrical filelds (EEFs) by the concen-
trated the Kþ and Cl gradients around the pore at each side, respectively.
The Kþ at cis side attracts the DNA while the Cl at trans side expels the
DNA. These local EEFs changed the DNA trapping and unzipping profiles in
the nanopore. Further, we demonstrated that the EEFs and osmotic flow gener-
ated by this salt gradient can lead to dramatic increases in the trapping
frequency of multiple biopolymers, such as DNA, peptide, PEG and DNA-
protein complex. We then provide evidence that this increase of trapping fre-
quency is directionally and molecularly-dependent, based on the charge and
MW of the molecule. Finally, picogram level of liver-specific microRNA
was successfully detected in the pore using this salt gradient.
2677-Pos Board B696
Nanopore Force Spectroscopy on Nucleic Acid Structures & their Target
Complexes using Biological and Synthetic Ion Channels
Vera Arnaut1, Martin Langecker1, Thomas G. Martin2, Jonathan List1,
Stephan Renner1, Gerhard Baaken3, Jan C. Behrends3, Michael Mayer4,
Hendrik Dietz2, Friedrich C. Simmel1.
1Lehrstuhl fu¨r Bioelektronik, Physics Department, ZNN/WSI, Technical
University Mu¨nchen, Garching, Germany, 2Center for Integrated Protein
Science WSI, Technical University Mu¨nchen, Garching, Germany,
3Laboratory for Electrophysiology and Biotechnology, Department of
Physiology, University of Freiburg, Freiburg, Germany, 4Department of
Biomedical Engineering, University of Michigan, Ann Arbor, MI, USA.
Nanopore force spectroscopy (NFS) is a versatile tool for the investigation of
single molecule interactions with high throughput and sensitivity. We parallel-
ize this method using a 16-channel chip-based bilayer setup (Nanion-Technol-
ogies), making it suitable for screening assays.
In our experiments,we study the binding of theATP aptamer to its target in terms
of complex stability as well as binding affinity. Aptamer-target complexes show
a stability that is considerably higher compared to unbound aptamer structures.
This allows us to determine the binding affinity of the ATP aptamer to its target
molecules by comparing populations in the stability distributions for varying tar-
get concentrations. Due to the high force resolution of NFS we observe that the
stability of bound aptamer structures splits up into several sub-populations that
reveal more detailed information about the binding process.
We extend the use of NFS from DNA to RNA-based molecular structures,
which play important roles in biological processes e.g. in the form of aptamers
or in gene regulation. In particular RNA hairpin structures are investigated,
which are found to display an increased stability compared to their DNA ana-
logues, as their predicted thermodynamic stability suggested. Furthermore, first
experiments on RNA aptamers have been performed.
Previous NFS studies were based on naturally occurring membrane channels
like a-hemolysin or solid-state nanopores. Tailoring these systems to specific
applications remains a challenging task, when altering the channels’ geometry
or chemical modification becomes necessary. We report on the use of a novel
synthetic membrane channel constructed entirely from DNA to perform
nanopore-sensing experiments. Scaffolded DNA origami was used to create
the channel, allowing for easy modifications in terms of geometry and chemical
features. We demonstrate its functionality by studying DNA hairpin unzipping
and G-quadruplex unfolding.
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We present a theoretical framework that guides the interpretation of experimen-
tal nanopore data with broad applications in single molecule sensing. Poly-
ethylene glycol (PEG) in particular, is important since it can be used as a surro-
gate for detecting nucleotides when sequencing DNA (2012, Nature Scientific
Reports, 2:684). Here, all atom molecular dynamics (MD) simulations are used
to refine the model of Reiner et al. (2010, PNAS 107(27):12080) to characterize
the interactions of PEG with an alpha hemolysin (aHL) nanopore. The model,
in which PEG is represented as a uniformly charged cylinder, yields two key
quantities that are compared with experiment: the ratio of ionic current across
the pore due to the presence of PEG over the open channel value (blockade
depth), and the residence time. The model assumes that these quantities cannot
be described by the volume occupied by PEG inside the pore alone, but must
also include complexes formed by PEG with cations. MD simulations are
